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INTRODUCTION
A mblyopia is a neurodevelopmental ocular disease manifested as monocular and binocular impairments, including reduction of vision, contrast sensitivity, or even loss of stereoscopic vision. It is mainly caused by anisometropia, strabismus, or both. Spectacles or contact lenses are the traditional treatments of eliminating refractive errors for anisometropic amblyopia. Cornea refractive surgeries including photorefractive keratectomy, laser in situ keratomileusis (LASIK), laser-assisted subepithelial keratectomy, femtosecond laser-assisted in situ keratomileusis (FS-LASIK) or small-incision lenticule extraction have been reported as efficacious and safe alternatives to correct high myopic anisometropic amblyopia in children who have failed with spectacles or contact lenses to correct refractive errors [1] [2] [3] . High myopia over -12 diopters (D) or a thin cornea (residual stromal bed thickness <280 μm) was supposed as contraindications for corneal refractive surgeries. Due to the advantages of reversible, less traumatic, a rapid recovery, and avoiding corneal-related complications, posterior chamber phakic implantable collamer lens (ICL) implantation has become the preferred refractive surgical approach for the patients who were not suitable for corneal refractive surgeries [4] [5] .
Several previous studies [6] also suggested that ICL may be a better surgical option for correcting high myopia in adult patients because of optical advantages, fewer ocular higher order aberrations, better contrast sensitivity compared with LASIK. Previous studies also showed that ICL implantation can be a promising alternative therapy for high myopic anisometropic amblyopia in pediatric patients who have failed with conventional treatments and were not suitable for corneal refraction surgeries [7] [8] . Nowadays, amblyopia treatments are not merely restricted to childhood, which is regarded as the critical visual developmental period. A few studies in the literature reported the effectiveness of refractive correction alone by corneal refractive surgeries [9] [10] [11] , or angle-supported phakic intraocular lens (PIOL) [12] [13] and ICL [14] in adult patients with anisometropic amblyopia. Therefore, this study was proposed to further observe the ICL implantation for adults with high myopic anisometropia amblyopia. Retinopathy Study was converted to logMAR notation for uncorrected distance visual acuity (UDVA) and CDVA test. Furthermore, contrast sensitivity and the near stereopsis (Randot Preschool Stereoacuity Test) were also evaluated preoperatively. Contrast sensitivity of both amblyopic eyes and fellow eyes was assessed at 0.5, 2 and 8 cycles per degree (cpd), using previously described Psykinematix psychophysics software (KyberVision, Quebec, Canada) converging on 79.4% accuracy [15] [16] . Thirteen high myopic amblyopic eyes and three fellow eyes were treated with ICL surgery (ICL; model V4, Staar Surgical Inc., USA) by the same experienced surgeon (Yu KM). Postoperatively, tobramycin 0.3% dexamethasone 0.1% eyedrops (Tobradex) were administered 4 times a day for 1wk and then 2 times a day for 1wk. Slit-lamp examination, intraocular pressure (IOP), refraction, UDVA, CDVA, contrast sensitivity and near stereopsis, objective vaulting were evaluated at each follow up time except 1d and 1wk. Where possible, endothelial cell counts, fundus evaluations and Visual Acuity There was a significant improvement for both UDVA and CDVA of the amblyopic eye at 3d, 1, 3 and about 9mo after surgery compared with preoperative (P<0.05 for all) shown in Figure 1A . Both UDVA and CDVA of the amblyopic eye after ICL implantation were significantly increased during about 9mo follow up postoperatively (P<0.05 for all). Figure 1B shows 
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Refractive correction with spectacles, contact lenses or corneal surgeries were reported as effective in adult patients with anisometropic amblyopia [9, 17] . Agca et al [9] reported that 14 eyes in 33 adults with myopic anisometropic amblyopia improved two lines or more of CDVA at 6mo after LASIK. Oruçoğlu-Orucov et al [10] also stated that 5 out of 30 myopic eyes in adult with mild to moderate amblyopia gained 2 to 4 lines of CDVA after laser refractive surgery. Unilateral lens extraction was also reported can improve vision for high anisometropic myopia in children and adolescents, however, the incidence of retinal detachments was 3 fold higher than phakic IOL implantation [18] . We previous observed 11 children with unilateral high myopic amblyopia [7] . The logMAR CDVA of the amblyopic eye was improved by a mean of 2.64 lines at about 8mo after ICL surgery. Alió et al [12] implanted anglesupported PIOL in 59 eyes of 48 patients with anisometropic amblyopia, and 91.5% eyes gained one or more lines of visual acuity. Kwon et al [13] reported the CDVA of 12 eyes with high myopic amblyopia improved an average of 3.92±1.24 lines after angle-supported PIOL implantation. Shi et al [14] also reported the CDVA improved mean 2 lines after ICL implanted for myopic anisometropic amblyopia in 11 adults. In our study, the SE of 13 amblyopic eyes was as high as -15.97±2.89 D that were not suitable for corneal refractive surgeries. The logMAR CDVA increased by a mean of 3.00 lines at 3 and 9mo postoperatively, without anyone lost visual acuity. The contrast sensitivity was also significantly increased after ICL implantation. The decimal CDVA of four cases (30.77%) recovered to over 0.8 reaching the cure standard of amblyopia, and the near stereopsis for these patients also recovered to 100" to 400". Our results agree with the literatures that simple refractive errors correction can improve the visual acuity and contrast sensitivity and partially recover near stereopsis of adult patients with high anisometropia amblyopia. We speculated the reasons for the good optical treatment results after ICL implantation might as follow: firstly, the CDVA of the cured amblyopic eyes in our study was not so bad before surgery; secondly, ICL implantation is superior for the treatment of unilateral myopic anisometropia than spectacle correction for it might eliminate the binocular retinal image size differences and be much closer to the physiological conditions. However, whether the adult patients with residual amblyopia after elimination of anisometropia by refractive surgeries can benefit from amblyopia therapy needs further study. Potential complications including cataract formation, pupillaryblock glaucoma, and dislocation were previously reported in adults after ICL implantation [5] . A continuous reduction of central vault in agreement with previous research was observed in our results [19] [20] . The vaulting was ranged from 0.23 to 0.60 mm at 9mo after surgery, and no adverse events were observed. An excellent vaulting was defined as 0.25 to 0.75 mm. Excessive and insufficient vaulting were the risk factors of complications such as pupillary-block glaucoma or cataract formation [21] . Temporary mild elevated of IOP was observed and soon resolved. Residues of hyaluronic acid material in anterior chamber, a side effect of topical corticosteroids, and measurement errors of non-contact nometer might be the reasons for transient high IOP. Although endothelial cell count was not significantly lost, and severe postoperative complications were not observed. The patients need to be followed regularly to evaluate the vault and endothelial cell count to avoid severe complications. Recently, the newly ICL V4c with a central hole (STAAR Surgical AG) is widely used to replace the V4 to correct moderate to high myopia in adults which can provide similar results to conventional ICL [22] [23] . It does not require iridotomy or iridectomy and may also reduce the risk of pupillary block and cataract formation. This newly developed hole ICL implantation appears to be a good option for anisometropia with amblyopia in adults. Our preliminary results show that ICL implantation can improve visual acuity, contrast sensitivity and partially recover near stereopsis in adult amblyopic patients with high myopic anisometropia. However, there were only a small number of patients with short-term follow up evaluated in our study. Longer time and more patients are still needed to observe the security and effectiveness of ICL implantation for adult anisometropic amblyopia.
